Community garden research has focused on social aspects of gardens, neglecting systematic analysis of what food is grown. Yet agro-diversity within community gardens may provide health benefits. Diverse fruit and vegetables provide nutritional benefits, including vitamins, minerals and phytochemicals. This paper reports research that investigated the agrobiodiversity of school-based community gardens in Brisbane and Gold Coast cities, Australia. Common motivations for establishing these gardens were education, health and environmental sustainability. The 26 gardens assessed contained 234 food plants, ranging from 7 to 132 plant types per garden. This included 142 fruits and vegetables. The nutritional diversity of fruits and vegetable plants was examined through a colour classification system. All gardens grew fruits and vegetables from at least four food colour groups, and 75% of the gardens grew plants from all seven colour groups. As places with high agro-diversity, and related nutritional diversity, some school community gardens can provide children with exposure to a healthy range of fruit and vegetables, with potential flow-on health benefits.
eating habits and knowledge about food production (Lineberger and Zajicek, 2000; Ratcliffe et al., 2011) . Such gardens can be considered to be a type of community garden because they: are community assets; benefit the wider community through knowledge acquisition and transmission and; have the potential to change people's access to safe and nutritious food at the neighborhood level (Chomitz et al, 2010) . For example, researchers have reported that school children may educate their parents and siblings about lessons they have learned in the gardens and can sometimes take produce from the gardens back home to share with their families, thus altering wider eating habits (Heim et al., 2009 ; see also Heim et al., 2011) .
School gardens can positively influence children's diets in various ways, including educating children about a wide variety of healthy and nutritious foods; knowledge that commentators suggest has been lost through the above mentioned changes in urban lifestyles. In school gardens, children can become more familiar with a diverse range of fruits and vegetables (Allen et al., 2008) . Increasing familiarity and experiencing different foods is likely to enhance children's willingness to try new foods contributing to more nutritious diets. But we know very little about what plants are actually grown in school gardens, how diverse these gardens are, and the nutritional value of plants grown in these gardens. This paper discusses research into school gardens in two cities within a rapidly urbanizing metropolitan region -Brisbane and Gold Coast cities, Australia. We begin by discussing the health benefits ascribed to community gardens, and then consider health benefits associated with eating a diversity of fruit and vegetables. We then examine the diversity of plants grown within all known school gardens in the study area (see methods section for details on how these were located), and their potential nutritional value, based on a nutritional color classification analysis. We also assess the motivations of garden managers for developing these gardens, to establish the extent to which health benefits may be driving garden development. We conclude by recommending directions for future research.
Health benefits of community gardens
Much of the literature suggests that community gardens confer multiple health benefits upon their users (Alaimo et al., 2008; Armstrong, 2000) . Many international studies have explored the link between the active lifestyles and healthier diets of community gardeners and the potential for community gardens to combat obesity, heart disease and several types of cancer (e.g. Armstrong, 2000; Wakefield et al., 2007) . Community gardening has been shown to confer both physical and mental health benefits on gardeners (Kaplan, 1973; Somerset et al., 2005; Wakefield et al., 2007; Kingsley et al., 2009 ). Community gardeners have been found to consume more fresh fruits and vegetables and less sweet foods and drinks, compared with non-gardeners (Blair et al., 1991) . Studies have also pointed to the health benefits of school gardens (see Blair et al., 1991; Somerset et al., 2005; Morris and Zidenberg-Cherr, 2002; Graham et al., 2005; McAleese and Rankin, 2007) .
School gardens could be a useful education tool for improving children's dietary behavior and improving access to a diversity of healthful food (Blair et al., 1991; Corkery, 2004; Somerset et al., 2005) . School gardens are a form of urban agriculture where children produce their own food while learning about where food comes from, food nutrition, and healthy cooking (Blair, 2009; Canaris, 1995; Morris and Zidenberg-Cherr, 2002; Somerset et al., 2005) . In Australia such gardens are receiving widespread support, with organizations such as the Stephanie Alexander Kitchen Garden Foundation providing skills, resources and guidance to schools to assist them in establishing community gardens (Block et al., 2012) .
Despite research about perceived health and education benefits of school community gardens, very little research has evaluated the actual agro-biodiversity within these gardens, and potential health benefits for children. In other words, what different types of fruit and vegetables are grown, and do these plants provide a diversity of vitamins, minerals and phytochemicals that may have positive health benefits for children? This paper seeks to address that knowledge gap.
Health benefits of fruit and vegetable consumption
Increased consumption of fruits and vegetables is associated with a noticeable decrease in the risk of diseases such as cardiovascular diseases, cancer and type 2 diabetes (Heber and Bowerman, 2001; Jamison, 2003; Perrin et al., 2002; Somerset et al., 2005; Stables et al., 2002) . In addition to consuming more fruit and vegetables, nutritionists have found that it is important to consume a wide diversity of these food-types, as different foods contain different vitamins, minerals and phytochemicals (Vaughan and Geissler, 2009 ).
Phytochemicals for example, can alter gene expression to restrain carcinogenesis via different pathways (Jamison, 2003) . Researchers have suggested that because many phytochemicals have distinct colors, a color code system for classifying and analyzing the beneficial properties of fruit and vegetables could be used as an effective intervention to promote dietary diversity for optimal health (Heber and Bowerman, 2001 ).
Examples of phytochemicals associated with particularly colors and food include the reds in tomatoes which are due to the presence of lycopene which is associated with prostate health.
Strawberries, blueberries and grapes (red, blue and purple foods) contain anthocyanins and polyphenols, which are powerful antioxidants. Avocadoes and honeydew melons (light green foods) are rich in lutein and zexanthin, which are found in the retina where age-related macular degeneration occurs (Heber and Bowerman, 2001 ). Broccoli and kale (dark green foods) contain glucosinolates, which have been associated to reducing risk of cancer, particularly lung and gastrointestinal tract (Lund, 2003) . Orange foods (carrots and mangoes) contain carotenoids which can enhance the immune system, whereas peaches and oranges (orange-yellow foods) contain cryptoxanthin and flavonoids which induce human protective enzyme systems (Yao et al., 2004) . Finally, leeks, garlics and onions (white-green foods) contain allyl sulphides which are have antibacterial properties and detoxify carcinogens (Van Duyn and Pivonka, 2000) . Eating at least one serving of fruit and/or vegetable from each of these color groups daily ensures a good spectrum of phytochemicals, along with vitamins and minerals are consumed, thus improving a range of potential health outcomes (Heber and Bowerman, 2001; Jamison, 2003) .
In the remainder of this paper we examine the plant types grown in community gardens within two of Australia's fastest growing cities: Brisbane and Gold Coast. This research included assessing school gardens based on their size and motivations for their establishment, as well as what was grown. Food diversity was assessed in relation to the spectrum of colors represented by the fruit and vegetables grown, to determine if these gardens likely contribute to children's experience of, and potential consumption of, diverse beneficial food plants.
Study area
Brisbane and Gold Coast cities in South East Queensland, Australia, now face the twin-crises of declining natural areas and unhealthier populations, which tend to accompany rapid urbanization (Byrne et al., 2010) . These cities were selected based on three criteria: (i) they are rapidly growing; (ii) they contain many community gardens, including school gardens and; (iii) they are located on some of the Australia's most fertile land (Hutcheon, 2011) Garden managers were surveyed on-site, to obtain quantitative data about what was grown in the gardens. The home institution's human ethics research committee approved the survey instrument (ENV/12/11/HREC). In late 2013, we followed up with garden managers to verify four further questions: (i) Is the food grown in your garden used in your school tuck shop?; (ii)
Can students take the food grown in the garden home to eat?; (iii) Does your school teach about food and nutrition as part of the curriculum?; (iv) Is the school garden used as part of teaching that curriculum? To assess food options for students and their families at these schools we also calculated the shortest distance from the school to different food choices, including fast food outlets, supermarkets and farmers markets.
When collecting information about the plants in the gardens, data was collected about the types of plants grown rather than species, because one species can produce a range of different types of foods, and gardeners are often more familiar with common names for plant types rather than their scientific names. For example, few gardeners could be expected to know that the species Brassica oleracea has various forms including cabbage, kale, turnip, swede, pak choi and kohlrabi (Vaughan and Geissler, 2009) Managers were asked to record each type of plant currently in the garden and/or grown in during the previous 12
months. An open-ended question was included to allow managers to add any plants not already on the list we provided.
Other information obtained included how long the garden had been established and the motivation of managers for developing the garden. The area of each garden was obtained using a Trimble Juno™ hand held GPS. Additional information about the food plants was gathered from published literature and added to our database, including: the species, family, and primary use -and for all fruit and vegetables their color code, according to a phytochemical classification system for promoting the consumption of a diversity of foods (Heber and Bowerman, 2001 ).
All information gathered from the garden manager surveys was entered into a Microsoft Excel database. Data was transferred to SPSS statistical package for analysis. To examine if the size of gardens varied with when they were established, Pearsons correlation co-efficients were calculated for age and garden size versus plant type diversity. One-way ANOVAs were performed to compare plant type diversity among gardens with different motivations.
Results
Only one of the schools was private, the rest were publicly-owned schools run by the According to 2011 census data, just 1 school garden was located in an area of high social disadvantage, 2 schools were in areas of moderate disadvantage, 6 schools in areas that were neutral (neither high nor low) and the remainder (14 schools) were located in areas with high social advantage (e.g. high levels of affluence). There was no relationship between school location and density. Just over half the schools (13) Stephanie Alexander, a well known and published cook, to introduce food education into schools (Kitchen Garden Foundation, 2013) .
In Brisbane, almost half the school gardens (47%) had a supermarket within easy walking distance (less than 800 meters) and just over half had one within easy cycling distance (less than 3 km). On the Gold Coast, two-thirds of the school gardens had a supermarket within walking distance. Similarly, in Brisbane just over half (52%) of the school gardens had a fast food store within cycling distance; half of the Gold Coast gardens had one within walking distance. In both cities, most school gardens had a farmers market only within driving distance (greater than 3 km) ( Table 1) . A wide range of foods were thus available to students and their families. NOTE: 1 = Walking distance is less than 800m, cycling distance is less than 3 km, and driving distance is more than 3 km.
Based on follow-up contact with the schools, we found that just over half of the responding schools (52.4%) sold their produce in their tuckshop (lunch-bars), and almost all of them (95.4%) used the produce in class for educational purposes. Generally, children would have one gardening class and one cooking class weekly, and more than a third of the schools (40%) used garden produce in these cooking classes. In other instances, the gardens or produce from the gardens would also be used for other subjects such as science or mathematics (see Table   2 ). Two-thirds of surveyed schools (66.6%) allowed students to take produce grown in the gardens home to share with their families. Almost half of responding schools (47.6%) generated a surplus from their gardens beyond their needs, and a quarter of the schools sold The most common fruits and vegetables grown included: tomato, lettuce, pumpkin, cucumber, passion fruit, rocket, strawberry and paw paw (papayas), which were grown in over three quarters of the gardens. Over half of the gardens grew orange, carrot, potato, broccoli, lemon, pak-choi, peas, sweet potato, garlic, beetroot, eggplant, radish, broad beans and capsicum (bell peppers). When assessed in relation to the color code system for classifying the beneficial properties of fruit and vegetables (Heber and Bowerman, 2001) these 22 most common fruits and vegetables covered all the different nutritional colors (see Figure 3 ). Three quarters of the gardens grew fruits and vegetables from all seven color categories, and the remaining 25% growing at least from 4 different colors.
Figure 3 Colour groups of the 22 most common fruits and vegetables growing in school community gardens (over half of the school gardens grew them).
Not only did most gardens grow nearly all of the colors, they also often grew many different types within a single color. The total number of fruits and vegetables grown in school gardens consisted of one red vegetable (tomato), 34 that were blue/purple/red, six that were orange, 42 that were orange/yellow, 13 that were dark green, 39 that were light green, and five that were white green.
Comparative agro-biodiversity of school community gardens
Despite the importance of school community gardens in terms of health and agro-biodiversity we have been unable to find any equivalent scholarly research quantifying the diversity of plants grown in school gardens (Guitart et al., 2012) . This highlights an important gap in the community garden literature, but also in studies on the health benefits of agro-biodiversity.
From the very limited data on the plants grown in other community gardens, the school community gardens in Brisbane and the Gold Coast appear to be very diverse with an average of 63 plant types per garden (ranging from 7 to 139 plants). In contrast, Saldivar- Tanaka 
Conclusions and research directions
The estimate of the number of species grown across the Brisbane and Gold Coast school gardens is very conservative, as some plant types reported (pumpkins, potatoes, cherries, etc.) could actually represent several different species. Correspondingly, the agro-biodiversity recorded for the gardens likely under-estimates their actual diversity and consequent potential to boost the nutritional intake of school children by eating different plant varieties or cultivars, as some plant types such as tomatoes, may actually represent many different other varieties, which may contain different phytochemical concentrations. More detailed assessments of the species, plant varieties, landraces or cultivars grown in these and other community gardens should be undertaken, but this was beyond the capacity of the current research. Furthermore, studies quantifying the amount and diversity of what is eaten by children who use school gardens, in addition to what is grown, should be assessed, and could use a similar approach (Remans et al., 2011) .
The main motivations behind the establishment of most school gardens in this study were education and sustainability -both linked to human health and wellbeing and to a lesser extent the preservation of the natural environment. Almost half of the garden managers mentioned health as a primary motivation for establishing gardens in the study area.
Moreover, over half of the schools we surveyed sold their produce in their tuckshop (lunchbars), two-thirds allowed children to take home the food they grew, and almost all of the schools responding to the survey used their garden produce in class for educational purposes.
This can be seen as one strategy to reduce the obstacles children face in increasing their fruit and vegetable intake (O'Dea, 2003) , and corroborates a study in the UK which found that stocking fruit in school tuck shops was an effective strategy for increasing children's fruit consumption (Moore et al., 2000) . In this respect, findings from our study confirm those of other Australian studies, which have found links between health and community gardening.
In a community garden in Port Melbourne for example, members universally described community gardening as beneficial to their health and well being (Kingsley et al., 2009 ).
The color classification system of fruits and vegetables used in this study indicates that food plants grown in school community gardens are highly diverse. Unfortunately it was beyond the scope of this study to assess whether this diversity of fruits and vegetables grown is directly reflected in school children's education about, and access to, a wide range of different vitamins, minerals, and phytochemicals, but garden managers reported that all of the gardens are used in teaching nutrition and science as part of the school curriculum. A related and tantalizing finding is the presence of traditional bush-tucker foods in these gardens.
These food plants may be a good indicator of enhanced nutrition education, and could play a role in addressing the trend of indigenous peoples moving to westernized diets, albeit on a small scale. We found that the schools we surveyed were culturally diverse, including the presence of indigenous students. Our research corroborates growing evidence from international studies which assert that school community gardens could offer an innovative public health intervention model for increasing children's knowledge of, and access to, different types of health-giving fruits and vegetables (e.g. Heim et al., 2011) .
Previous research has shown that children's improved knowledge of fruits and vegetables enhances their consumption of these food-plants (Morris and Zidenberg-Cherr, 2002; Somerset et al., 2005) . Just half an hour in the garden per week may be sufficient to improve children's ability to identify fruit and vegetables and thus increase their willingness to eat new fruits and vegetables (Cason, 1999) . We found that almost two thirds of schools allowed children to take home the food that they grew in the school gardens. School-based community gardens therefore have potential not only to conserve agro-biodiversity but to also positively influence the diets of urban school children (and their families), and to improve their health and wellbeing, thus counteracting some of the negative impacts of rapid urbanization (Blair et al., 1991; Heim et al., 2009) . Future research should investigate whether the patterns we have found in this study also apply to other school gardens in other cities, for private as well as public schools, and in different climatic zones. And it would be useful to assess whether other types of community gardens may also be positively contributing to the nutrition of urban gardeners.
From what we have found here, it seems likely that school and community gardens could represent an affordable and practical way of improving the health of city dwellers, especially children. Community gardens can potentially be rapidly implemented in any city where there is sufficient space for a small garden, including rooftops, railway verges, abandoned sites where soil contamination is low, harbor fronts, and even in raised garden beds in public plazas. We have found that in South East Queensland, local and state governments are favorably disposed to such urban green-spaces and that philanthropic foundations seem prepared to contribute funding for their establishment. Future research would do well to assess the disposition of urban planners and policy makers to using these highly beneficial urban green-spaces as public health interventions. 
